Abstract. Three jet events are selected from hadronic Z ~ decays with a symmetry such that the two lower energy jets are produced with the same energy and in the same jet environment. In some of the events, a displaced secondary vertex is reconstructed in one of the two lower energy jets, which permits the other lower energy jet to be identified as a gluon jet, with an estimated purity of about 93%. Comparing these gluon jets to the inclusive sample of lower energy jets from the symmetric data set yields direct, model independent measurements of quark and gluon jet properties, which have essentially no bias except from the jet definition. for the ratio of the mean charged particle multiplicity of gluon to quark jets, while for the cone algorithm, we find ch.
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ch. {•cone) quark using a cone size of 30 ~ We also report measurements of the angular distributions of particle energy and multiplicity around the jet directions, and of the fragmentation functions of the jets. Gluon jets are found to be substantially broader and to have a markedly softer fragmentation function than quark jets, in agreement with our earlier observations.
Introduction
The gauge theory of strong interactions, Quantum Chromodynamics (QCD), predicts large differences between the properties of quark-and gluon-induced jets [1] . These differences are a consequence of the different probabilities for a quark or gluon to radiate an additional gluon. For quark a Also at TRIUMF, Vancouver, Canada V6T 2A3 b Royal Society University Research Fellow and gluon jets of equal energy produced under the same circumstances, the mean particle multiplicity of a gluon jet is predicted to be larger than that of a quark jet and thus its particle energy spectrum is predicted to be softer. Assuming the transverse energy scale of quark and gluon jet development to be about the same, the softer energy spectrum of the gluon jet implies that its particle multiplicity and energy should be distributed at larger mean angles with respect to the jet axis than is the case for quark jets. Many attempts have been made to observe such features in the data [2], but these studies often yielded inconclusive results either because the jets could not be selected without biasing them or because the analysis technique was not sensitive to quark-gluon jet differences.
In several earlier publications [3, 4] , we introduced a method of comparing the properties of quark-and gluoninduced jets in an essentially unbiased and model independent manner. These studies resulted in an unambiguous confirmation of the predictions for quark and gluon jet differences given above. Three-jet events from hadronic Z ~ decays were selected with a one-fold symmetry, namely such that the two lower energy jets, one of which was assumed to be a quark jet and the other a gluon jet, were both produced at an angle of about 150 ~ with respect to the highest energy jet. In some cases, one of the two lower energy jets could be identified as a quark jet due to the presence of a displaced secondary vertex. The lower energy jet without the displaced secondary vertex was thereby identified as a gluon jet using an anti-tagging method. The properties of these anti-tagged gluon jets were compared to those of the two lower energy jets from the inclusive one-fold symmetric sample. The essential feature of our analysis which allowed an unambiguous interpretation of the results was that the quark and gluon jets being compared had the same energy and were produced in an identical jet environment because of the symmetric event geometry. There was thus no need to employ Monte Carlo simulations to account for kinematic differences between the quark and gluon jet samples, in contrast to some earlier studies of quark and gluon
